This paper offers a methodological contribution to estimate marginal values of selected ecosystem services for world forest biomes, following the Millennium Ecosystem Assessment. Economic losses from policy inaction are estimated for future scenarios in year 2050. The highest impact is expected in boreal and warm mixed forests, followed by tropical forests, which might be surprising to some who argue that the most significant loss should be in tropical forests. A detailed analysis, however, shows that this is not the case. The best estimates point to greater losses in areas where use and non-use values are highest, which includes North America.
Introduction
In recent years we have been witnessing a major debate on the potential effects of biodiversity loss. The central question being: as biodiversity decreases, what are we losing in terms of goods and services to humans? Far from being a mere accountability issue, this question is about the impact on the welfare and wellbeing of current and future population and societies, as well as about wider ethical questions on the role humans in the stewardship of the planet's natural resources. So far, this has triggered many studies trying to provide economic estimates of the costs and benefits of land conversion and human activities inducing biodiversity losses (e.g. see Costanza et al. 1997) . Still, the coverage of the available economic estimates of the costs of biodiversity loss is partial, and the required research effort massive.
By using ad hoc value transfer protocols, this paper offers a methodological contribution and provides accurate per hectare estimates of the economic value of a set of forest ecosystem services (ESs) for all forest biomes in the world. The research also estimates potential total economic losses from inaction in year 2050, by using data on forest areas and land use changes from 2000 to 2050 as provided by the EU-funded COPI project "Cost of Policy Inaction: the case of not meeting the 2010 biodiversity target" (see Braat et al., 2008) .
The analysis is focused on a selected set of relevant forest ecosystem services identified following the Millennium Ecosystem Assessment taxonomy (MEA, 2005) . The estimation of such services, although not covering the full range of forest instrumental values, contribute to the quantification of those values which are expected to be relevant to contexts where it is necessary to make decisions and trade one value against the other. The assessment provided is anthropocentric, as non-anthropocentric values, such as moral and spiritual values, which should be taken into account in decision-making, do not lend themselves to this kind of quantification.
The reminder of the paper is organized as follows. Section 2 provides a brief review of the valuation of forest services and discusses current challenges. Section 3 illustrates the methodological approach employed to estimate forest services worldwide. Section 4 presents and discusses results, while Section 5 offers some conclusive remarks, while discussing future challenges.
Valuing forest ecosystem services: where do we stand
Forests are critically important habitats in terms of the biological diversity they contain and in terms of the ecological functions they supply (e.g., Miller et al., 1991; Mendelshon and Balick, 1995; Pearce, 1996 Pearce, , 1998 Pearce, , 1999 . Similarly, the ecological and anthropocentric services of forest are many and, although the area-species and the species-services relationships are still debated (e.g. Pimm and Raven, 2000) , the loss of forest ecosystem services driven by deforestation is expected to be serious if the rate of deforestation is maintained at the current alarming level of approximately 13 million hectares per year (FAO, 2007) . The value that forests provide therefore arises from the estimated rates of loss of forest areas and, hence, in terms of the services they provide humans. Forests not only provide timber but regulate local and global climate, enhance soil retention and water quality, ameliorate water events, facilitate pollination, improve landscape aesthetics and provide habitats for a vast store of species, and genetic information yet to be uncovered.
The forest evaluation challenge has gradually reached the international policy agenda. Forest conservation or prevention of deforestation in order to stabilize Green House Gas (GHG) emissions -questions not originally included in the Kyoto Protocol -have been officially recognized in COP13 in Bali on December 2007 as important issues. Countries rich of forested areas, such as Brazil, are asking for compensation for the environmental services that they give to the planet by helping future conservation of millions of hectares of native woodland in the tropics. Besides, as deforestation is mainly due to conversion of forests to agricultural land in South America and Asia (FAO, 2005) , paying farmers for the environmental services they may conserve or provide is generating growing interest worldwide from policy makers to non-governmental and private decision-makers (see FAO, 2007) . As such policy initiatives are currently being debated, the availability of reliable and accurate estimates of forest values is becoming pivotal. Although it is not yet clear what will be the policy framework on deforestation in the near future, shading light on this issue from a scientific perspective will facilitate and accelerate the policy process.
So far, the estimation of the economic value of forest ecosystem services has been limited by a number of pitfalls. The first point regards the coverage of the economic valuation of forest services. Some recent works, e.g. the CBD report (2001) on the Value of Forest Ecosystems, have tried to fill this gap by providing comprehensive literature reviews of the values of a vast array of forest services (from provisioning services to genetic information). The estimations help us to understand the typologies and orders of magnitude of the services involved; however, they cannot be seen as representative of all forest areas. As the current body of knowledge become clearer, we still lack a common and replicable methodological framework to transfer available figures to new, unexplored and heterogeneous, policy contexts, thus allowing a worldwide coverage of the cost estimation to be achieved. A common platform of analysis of forest biodiversity services is needed.
Equally importantly, many studies estimate marginal effects as being equal to the average impact, and do not estimate the former by taking into account statistically significant explanatory factors that may control for heterogeneities across forest areas (and their related socio-economic context). This leads to potential estimation biases. According to a recent review promoted by the European Commission , available values tend to be very site and forest specific and transfer to other forests and locations are difficult or often not credible.
Thirdly valuation exercises need to be incremental ones. There is little advantage in knowing the total value of an ecosystem unless there is a threat to eliminate it or a policy to reconstruct it in its entirety, which is rarely the case. Yet many valuation studies provide estimates of the total costs of whole systems and the famous work by Costanza et al. (1997) even estimates the value of the whole world's ecosystems. Performing an incremental analysis (which may entail estimating significant non-marginal changes in ecosystems), however, is not as easy as it might sound, and revealed or stated preferences valuation exercises need to be designed accurately. Besides, many ecosystem services that individuals receive are multidimensional and there is an 'adding up' problem . The value attached to one forest area for recreational or other use is not independent of whether another forest nearby is conserved or not. The implication is that studies need to be undertaken allowing for substitution effects, which makes them more specific to a particular application and less capable of being transferred to other applications.
All and all, the question of the extent to which forest values can be transferred from one site to another and from one type of biome to another is a crucial and controversial one. Economists have devoted a great deal of effort to see how far such transfers are possible, given that full valuation studies are expensive and time-consuming to conduct (see, e.g., Brower, 2000; Navrud and Ready, 2007) . In principle, the most comprehensive way to carry out transfers is to use a 'meta analysis', which takes all existing studies and figures and statistically estimates a relationship which gives changes in the benefit values as a function of site characteristics, attributes and size of the population affected, type of statistical method used etc. in the sample of existing studies. This is then transferred to the 'policy site' in a procedure referred to as value transfer, which can provide a 'single value' for the policy site or a 'meta-value function', which gives a range of values depending on the characteristics of the object of valuation. Overall, the result of recent discussions on this subject seem to suggest that while value transfer is possible for some ecosystem services it is not appropriate for others (see Braat et al. 2008; Markandya et al., 2008) . It should be possible, for example, to derive estimates of some categories of recreational benefits; it is much more difficult to carry out credible benefit transfer for most other categories of value.
Notwithstanding such difficulties, the international community urgently seeks estimates of the foregone forest benefits at the local and global level. Given that there are thousands of forest ecosystems and sites of importance, some kind of value transfer and rules of thumb for acceptable estimates will be essential if the goal of obtaining regional, national and global estimates of the damages from forest loss in the absence of any actions is to be obtained. The present paper presents value transfer protocols for estimating a small but significant array of provisioning, regulating and cultural forest ecosystem services. In this regard, the methodological approach and analyses presented in the following sections can be seen as a pilot case study showing how research synthesis could be used to fill knowledge gaps on biodiversity values.
3 A worldwide assessment of forest ecosystem services: methodological approach
Introduction: forest ecosystem services, biomes, land use and world regions
The methodological framework applied to derive marginal monetary values and potential total losses of a restricted set of services provided by forest biomes worldwide is illustrated in Figure 1 . The services considered in this study are selected according to data availability and relevance to decision making; this leads to the restricted set presented inv Table 1 . As defined by the Millennium Ecosystem Assessment (MEA, 2005) , provisioning services are the goods obtained from ecosystems and they include food, fiber, fresh water, and genetic resources. For forestry, we consider in particular wood and non-wood products (both plant and animal) extracted from natural or managed forested areas. Regulating services include benefits obtained from the regulation of ecosystem processes, including air quality regulation, climate regulation, water regulation, erosion regulation, pollination and natural hazard regulation. As for regulating services, above all, deforestation is responsible for a huge amount of carbon emissions. We thus include the role of forests in climate regulation as important carbon storage reservoirs. Cultural services are the nonmaterial benefits that people obtain from the ecosystem through aesthetic experience, reflection, recreation and spiritual enrichment. We refer to recreation and ecotourism and passive use of forests, these two dimensions being better covered by the economic valuation literature. For each service under analysis a thorough retrieval process has been performed in order to collect the largest possible set of available data and information that is relevant to estimating marginal values. The literature retrieval process comprised checking several economic and forest databases (among others EconLit, EVRI, FAO), reference chasing, and approaching key scholars in the field. This resulted in three different set of estimates, one for each service category, described in the following sections. Several of these values, however, do not provide usable estimates. Thus, the marginal values actually employed for the transfer exercise represent a sub-sample of the whole body of the literature. Still they are intended to provide the maximum coverage of the variety of forest biomes that populate forest areas worldwide.
Given that there are thousands of different forest ecosystems worldwide -each of which leading, in principle, to different degrees of biodiversity ecosystem services -it is essential that we can capture such variability in the value transfer process. This is done here by using the estimations of the status of biodiversity, for the main forest biomes and world regions, as provided by the EUfunded COPI 1 project "Cost of Policy Inaction. The case of not meeting the 2010 biodiversity target" (see Braat et al. 2008) . The classification of forest biomes and world regions -as proposed by the OECD GLOBIO 2 model framework (Alkemade et al., 2006) employed by COPI -distinguishes 6 main different forest biomes distributed across 10 world regions (see Table 2 , Table 3 and Figure 2 ). COPI provides estimates of the spatial coverage and distribution of each forest biomes for different drivers and pressures scenarios. In particular, we consider the forest biomes distribution for 2000 and 2050 as described by the OECD Baseline Scenario (see Bakkes and Bosh, 2008) . Changes over time are mainly driven by land use changes (see Table 3 ). For forestry, among the others, the role of agricultural land-use change (forest areas converted into farmland) and forest management (natural forests versus managed forest) remain the largest of all the pressure factors. In particular, in the reminder of the paper, the term "natural" refers to relatively untouched forest areas, while "managed" refers to forest areas also partially designated to extensive cultivation, wood production or recreational activities. The marginal values of forest ecosystem services estimated in this paper thus refer as much as possible to these forest varieties (biomes and type of management) and world regions.
As shown in Table 3 , forest area is expected to decrease by around 76 million hectares by 2050 worldwide. The highest loss in absolute terms is expected for Russia (47 million hectares), followed by Africa (12 million hectares). As regards forest biomes, boreal forests reveal the highest absolute loss, followed by warm mixed forests. It should be noted that, while natural forests decline, managed forests are expected to increase. For some world regions, the increase in managed forest is higher than the expected decrease in natural areas, which results in a total increase in the forest area by 2050 (e.g. Europe). But of course this change in composition has environmental implications. The percent decrease over the period (based on year 2000) is expected to range from 0.5% for North America and Mexico (NAM) to 27% for Eastern Europe and Central Asia (ECA). 3.2 Valuing forest ecosystem services: from site-specific values to world wide estimates Several valuation methods can be applied to estimate the monetary value attached to environmental services (ESs) provided by forest biomes. By using the well-known notion of Total Economic Value (TEV), and depending on the nature of the good being valued, we can identify the best available valuation methodology to be employed for the monetary estimation of each ES of concern (see, e.g., Pearce and Moran, 1994) . Broadly speaking, depending on the nature of the ecosystem service to be quantified, both market and non-market (revealed and stated preference) valuation techniques have been applied in the literature from which draw suitable marginal values for forest services, to be scaled up at the global level using proper transfer protocols. Given the global perspective of this exercise, it is essential to rely on the full body of knowledge already available in the environmental economics literature in order to gather estimates that cover, for each service to be valued, the highest variability in terms of countries (OECD regions) and forest types (biomes). In this regard, a crucial role is played by the use of research synthesis techniques, such as meta-analysis and value transfer. Thus, for each forest ES, we first performed a meta-analysis whenever possible and, second, applied value transfer protocols to adjust available values to new, unexplored, contexts.
Meta-analyses have been applied to cultural forest ecosystem services, namely recreation and passive use. By means of multivariate meta-regressions, meta-analysis enables us to explain the variance of the available WTPs (Willingness-To-Pay) as a function of few statistically significant explanatory variables. In particular, main explanatory factors for forest recreation and passive use are: i) size of recreational forest sites -and, for passive use, size of forest areas designated to biodiversity conservation -; and ii) income level in the study area.
As for provisioning and regulating services, the estimation process was based on market data, actual and estimated, respectively. Data on forest products were drawn from the database on forests of the Food and Agriculture Organization (FAO) of the United Nations. Marginal values were estimated with adjustments taking into account: product category or industrial sector; country of origin; forest biome; forest size designated to production; profitability of the forest sector. The estimated prices per ton of carbon sequestered were taken from the EU-funded project CASES "Cost Assessment of Sustainable Energy System", providing price ranges for the baseline year of reference (2007) and few future scenarios (see CASES).
In the following sections we discuss in detail the methodological approach applied for estimating the economic marginal values of each of the four ecosystem services under analysis.
Provisioning services
Bearing in mind the MEA (i.e. food, fiber, and fuel), we classify the forest provisioning services into two main categories: wood forest products (WFPs) and non-wood forest products (NWFPs). Each of them is further detailed in table 4, according to different industrial sectors in the market, as proposed by the FAO forest database (see FAO/ForestSTAT). The economic value of the provisioning services is a direct use value and is estimated using market valuation methodologies based on quantities and prices available from Food and Agriculture Organization of the United Nations (FAO) database on forests.
The methodological framework to derive the marginal values as presented in Figure 3 , involves two main valuation steps. The first calculates total provisioning values for each world region and forest biome. For this purpose, FAO export values at country level by different product categories are adjusted for domestic production quantity and converted into estimates of net income. The second step combines the estimated total values with information about the different forest biomes size, in order to derive the annual marginal values per hectare, by forest biome and world region. For this purpose only the hectares actually designated to production are used (See Braat et. al, 2008 and FAO, 2005) . According to this framework, marginal values for forest provisioning services vary in relation to the product category or industrial sector (WFPs and NWFPs), the country of origin, the forest biome, and the forest size designated to production. In the first valuation phase, for each forest product, export values at the country level are adjusted for estimating total provisioning values, taking into account domestic production and export quantities (FAOSTAT), as follows: (1) Where: TV i = annual total forest provisioning value by country i EV i = annual export value by country i Pq i = annual domestic production quantity by country i (forest products produced within country i) Eq i = annual export quantity country i i = country Total values are further corrected for the profitability of the forestry sector, taking into account financial returns from the wood forest production. Returns to the forest owner consist of sales of timber and other wood forest products, increases in the value of the lands, less costs of production and any net payments of taxes. The costs are employment and other purchases costs. For the want of anything more detailed and reliable, the net financial return from forestry is here assumed to be the same for all regions and equal to 8. (Clark, 2001; Hoover, and Preston, 2006 ) that analyze long-term historical data. Clark (2001) offers a theoretical analysis and an empirical examination of wood prices, based on aggregated global wood market data over the last three decades. Hoover and Preston (2006) analyses trends of Indiana (USA) forest products prices using statistical data from 1957 to 2005. Although different in the spatial scale of the analyses, both papers lead to a similar conclusion: there is no evidence of increase in real prices for wood. We therefore assume that real prices of wood products will remain stable in the future, while allowing different prices to exist across countries and continents.
Regulating services: carbon sequestration
The methodological framework for valuing carbon sequestration is built on two phases. First, we identify the biomass carbon capacity by forest type and world region (measured as ton of C stocked per hectare, tC/ha). Secondly, we compute annual marginal values of carbon stocked per hectare by using some available estimated market values.
Quantities of carbon stored by forest biome and geographical region (measured in tons of carbon, tC) are drawn from studies by Myneni et al. (2001) and Gibbs (2007) . Myneni et al. (2001) provides estimates of carbon stocks for temperate and boreal forest in Canada, Northern America, China, Japan, Russia, Finland, Sweden, Eurasia and South Eastern Asia. Gibbs (2007) provides estimates of carbon stocks for tropical and warm mixed forests in Brazilian Amazon, Latin America, Sub-Saham Africa and Tropical Asia (see Table 5 ). For world regions not directly covered by these studies, values are transferred from similar geographical regions. 
The economic model
Not being traded in regular markets, recreation and passive use values are usually measured as willingness to pay (WTP) figures using non-market valuation approaches (namely: travel cost method, contingent valuation and choice experiments). According to previous literature reviews on cultural values, a simple expected utility specification can be used to describe how individuals are willing to trade wealth for increases or decreases of forest cultural services, under the assumption that the estimated marginal value of the service decreases with an increase in the size of the forest site, and increases with an increase of the income level of the country where the forest is located (e.g., Hammitt, 2000) .
The results of our meta-analyses confirms such expectations both for forest recreation and passive use values: income level and size of forest areas are the main statistically significant factors explaining variation in WTP estimates for changes in forest cultural services (see Tables 13 and 17 ). The meta-regression function can therefore be written as:
Where: V is the marginal value (willingness to pay, WTP) of a given forest site designated to recreation or conservation of biodiversity (effect size). S is the size of the forest area designated to recreation or conservation [hectares] I is the income level [measure as PPPGDP] By running the regression function expressed by equation (5):
we can therefore obtain an estimate of the marginal effect − on the recreational or passive use value of a given site, V − of: i) the size of the forest site designated to recreation (or conservation), represented by  , and ii) of the income level of the country where the site is located, represented by  . These coefficients are used for the geographical as well as the inter-temporal value-transfer.
For recreation and passive use services the following operational steps have been applied: (i) creation of a database of all available WTP estimates selected from a worldwide literature review; (ii) estimation of a meta-regression function based on suitable WTP values; and (iii) application of value transfer procedures for spatial and inter-temporal transfer. Firstly, the literature retrieval process has lead to a selection of suitable case studies providing WTP estimations of recreational and passive use values in different unit of measure 3 . Secondly, after conversion of all values in WTP per hectare 4 , and following Equations (5-6), the usable WTP estimates have been employed to estimate -for recreational and passive use separately -the income level and forest site's size coefficients (see Tables 13 and 17) . Lastly, marginal values have been transferred in space and time following a two-step approach. The following sections illustrate the transfer strategies used for the each of the two cultural services: recreation and passive use.
Value transfer for recreational forest use
Building on the results of the meta-analysis for the recreational values, we can apply a simple value transfer exercise to measure the total annual value of a forest recreational site (the 'policy site') not yet estimated by previously performed original case-studies (the 'study sites'). In doing this, we focus on one single exemplar country, the UK, for which we have a representative and high quality picture of forest recreational sites and their monetary values, and estimate a recreational value for all the existing forest sites in it 5 . For the sake of this exercise, the study-site is the one addressed by Scarpa, et al. (2000) ;  is the meta-regression size coefficient; H denotes the size of the forest recreational site; and V denotes the marginal (per hectare) value of the site. Results of the meta-regression are provided in section 4.3.
The marginal value of the n-th recreation policy site in the UK, V n , can thus be estimated with a transfer based on the study-site value, V s , as: 4 All the estimates are computed in US$2000 (standardized WTP estimates per hectare per year) and then converted into €2007. 5 The literature is rich of many studies on the value of forest recreation for UK. In addition, UK has a rich and completed database on protected forest areas, the so called Special Areas of Conservation (SACs). By definition, SACs are strictly protected sites designated under the European Habitats Directive. For the sake of the present study, only the forest related SACs are considered for recreational use. The reasons for this choice are related to the availability of detailed data on recreational forest size and to the notion of accessibility of the site. This latter is a crucial feature in the valuation process, because the use of recreational services and the associated economic value depends strongly on the accessibility of the area. The values for recreational use are higher in accessible systems while they drop significantly in degraded systems.
where n denotes the policy sites (with n =1,2,.., N); and s denotes the study site.
From Equation (7) we are now able to derive the marginal annual value of an average recreational forest site in UK, V UK , as:
V UK can then be transferred to all the other i-th geographical regions in the world, by correcting for income differences and population density as illustrated by Equation (9). Braat et al. 2008) . As for population, the UN projections based on a "medium" scenario are used, showing a stabilization of the world population at around 9.1 billion inhabitants by 2050 (UN, 2005) . Almost all of this increase is expected in the developing world. As for GDP, the baseline scenario in the COPI project expects a positive and uniform growth in real GDP of 2.8% per year between 2005 and 2050. 
Value transfer for forest passive use
As for passive use, the transfer procedure is based on somewhat different methodological assumptions. Due to lack of information on protected forest sites for different types of forest, the approach developed for recreation cannot be used for passive use values, which are strongly influenced by the type of forest ecosystem. After screening the available literature, we select few high-quality valuation studies providing marginal values (at country level) associated with specific forest typologies (see Table 7 ). When several representative case studies are available, the mean marginal value is used. Estimates for forest types from original case studies are then scaled up to the corresponding higher geographical region and forest biome, by taking into account the effect of the size of the forest area under valuation, β: 
Estimation of total economic value changes
The estimated marginal values for 2007 and 2050 are combined with information about forest size (by world region, forest biome and land use type), in order to compute the value of total economic changes for the four ecosystem services in the two time frames. The difference between the two values represents the cost or benefit associated with biodiversity loss in year 2050. For this purpose we use the estimated forest size, calculated within the COPI project in the baseline year 2000 and projected figures for 2050. For provisioning services, we use only the forest areas actually designated to production (within the managed forest) 7 . Carbon sequestration is instead expected to occur in both natural and managed forests, so all the forest areas are considered to compute total economic values. As for cultural services, we use the forest area designated to recreation (which might occur in both natural and managed forest) or conservation of biodiversity (in natural forest). This information is available from FAO for the year 2005 (see FAO/FRA 2005). For projections in 2050, we assume no variation over time in the percentage of forest area designated to recreation or conservation. This approach allows us to estimate total economic changes in the value of forest biodiversity services according to three main dimensions: ecosystem service, forest biome and geographical region.
In order to calculate the cost or benefit associated with potential loss of biodiversity, the projected total values in year 2050 are discounted using the conventional 3 percent discount rate (used by the European Commission), and then compared to the total values estimated for the baseline year 2007. 7 No provisioning service exists, by definition, in a natural ecosystem. 
Results
Results are presented for each ecosystem service, by forest biome and world region, in terms of marginal values in year 2007, projected marginal values in year 2050, and total economic losses in year 2050. Table 8Table 8 reports the marginal values of provisioning services, estimated by world region and forest biome, adjusted for profitability, and converted in €2007. Differences in marginal values across world regions and forest biomes can be interpreted as the combined result of: i) total production values by forest product and distribution of wood and non-wood sectors across forest biomes and world regions, ii) distribution of forest area across world regions, and iii) incidence of forest area designated to production in each world region. Wood forest products represent the most relevant part of the economic value.
Provisioning services
The reasons for some high marginal values (in AFR, ANZ, JPK and CHN) can be explained as follows. For AFR this is due to the high production value of wood fuel, while for CHN this is explained by the high production value of two sectors, paper and paperboards, and wood fuel. Finally, for ANZ and JPK, the effect is attributable to the small forest area designated to production. Total economic value changes due to biodiversity loss in 2050 are presented in Figures 4-5. Results show large economic losses for provisioning services in all the world regions and forest biomes. This is the result to the combined effect of marginal price estimates and incidence of forest area designated to production. Total costs are expected be around €48 billion worldwide. They range from €374 million for ECA to €17 billion for NAM (Figure 4) , which is expected to face the highest costs (more than one third of total costs worldwide). After NAM, the highest costs are foreseen for OAS, CHN and EU, accounting for respectively 14 to 11 percent of total costs. As shown in the Annex (Table A1) , the economic value for provisioning services in 2050 is expected to decrease by about 49% globally with respect to the baseline year 2007, ranging from -22% in AFR to -72% in RUS. As regards the forest biomes, the highest loss is expected in boreal and tropical biomes, the former and the latter accounting for 38 (mainly in NAM) and 26 (mainly in OAS) percent of the total global loss respectively ( Figure 5 and Table A1 in Annex). 
Regulating services: carbon sequestration
Tables 10-11 show the most conservative estimates for carbon sequestration in terms of annual per hectare values in €2007 and €2050. As expected, given the high capacity of carbon sequestration estimated in tropical and warm mixed forest biomes, the highest marginal values are estimated for BRA, SOA and AFR. Figures 6-7 present final computations of total economic value changes for year 2050. Total losses are expected to be around €25 billion worldwide. Some regions (mainly located in the developed world) show a benefit, which is explained by an increase in total forest size in those regions. This is specifically due to the fact that the expected increase in total managed forest is higher than the corresponding decrease in natural forests in those regions. Most of the regions in the developing world, instead, report a loss, ranging from €1.3 billion for OLC to €12 billion for AFR, which accounts for almost 50% of the total loss worldwide. RUS and SOA follow with respectively 37 and 23 percent of total loss (Figure 6 ). The total economic value for carbon sequestration in 2050 shows a decrease by about 2% worldwide on average (Table  A2 Annex) relative to the baseline year 2007. The highest relative loss is expected in ECA with a 27% decrease in value and in SOA with a 16% decrease relative to year 2007. Warm mixed (mainly AFR, SOA and OLC) and boreal forest biomes (mainly RUS) show the highest damage ( Figure 7 and Table A2 Annex), while temperate deciduous forests report a benefit, which is explained by the projected increase in managed forest area in that biome.
Cultural services: recreational and passive use
Below, results for forest recreational use and passive use are reported and discussed separately. In the next sections we present the results of the meta-regression functions, marginal values for the baseline year 2007, projected values in year 2050, and finally total economic losses in 2050.
Recreational use
The results of the meta-regression for recreational forest sites are reported in Table 13 .
Overall, by using multiple sampling, 59 observations were used in the meta-regression. The  coefficient on forest recreation size (logSIZE) is negative and significant, showing that the marginal value of recreation decreases with a marginal increase in forest area. The  income coefficient (logINCOME) is positive and significant, showing that the estimated marginal value of recreation increases with a marginal increase in income. Tables 14-15 report the results for annual marginal values of forest recreational services by world region and forest biome, in €2007 and €2050. As forest type changes, marginal values remain stable as we assume that this variable does not affect the recreational use of forest, in accordance with the original studies used for valuation where WTP is estimated regardless of the type of forest.
Overall, recreation marginal values appear to be rather small, ranging from 0.11 to 4.74 €2007. This result is mainly driven by the large forest area dedicated to recreational use, which leads to a low value per hectare. Highest values are estimated for CHN and JPK. As regards CHN, this is due to a population effect (i.e. high number of households). As for JPK, the high value signals an income effect. As for OAS, the marginal value is mainly influenced by the value estimated for Singapore, characterized by high income level and very small forest size. Finally, for SOA, the high value can be explained as a result of the small forest recreational size registered in Bangladesh and Pakistan; while the low marginal values in NAM are due to large forest recreational areas. The estimated marginal values are applied to derive total values attributable to forest areas designated to recreation and the expected economic loss in year 2050, as reported in Figure 8 and 9. Results show an economic loss for all the regions and all the forest biomes, although rather low if compared with the figures estimated for provisioning and carbon sequestration. Total costs are expected to amount to €58 million in 2050, ranging from €0.11 million for ANZ to €23 million to RUS, which accounts for 40% of the total loss of recreation services. EUR, NAM, CHN and BRA account for 14% to 10% of total losses (Figure 8 ). Inter-temporal comparison between year 2050 and year 2007 shows a decrease in recreational values of about 47% globally, ranging from -42% in JPK and BRA to -83% in SOA (Table A3 Annex). As regards the forest biomes, the highest costs are registered in the boreal forests (mainly in RUS), followed by tropical (mainly in BRA) and temperate mixed forests (mainly in EUR) ( Figure 9 and Table A3 Annex). 
Passive use
The results of the meta-regression for forest passive use are reported in Table 17 . A total number of 23 observations are used for the regression. The  size coefficient (LogSIZE) on conservation forest area is negative and significant. The  coefficient on income (logINCOME) is instead positive and significant, showing a negative correlation of marginal values and income. If compared with the results obtained for recreational activities, these coefficients are higher, showing a higher sensitivity of forest size and income on marginal values. Table 18 presents the results from the first step value-transfer, estimating the marginal values from the original case study based on a country level to the corresponding world region. Figures 10-11 show an economic loss for all the regions and all the forest biomes in year 2050, except for CHN and AFR. Total loss is estimated around €6 billion. The highest costs are expected in developed countries. NAM accounts for 62 percent of global damage (€3.6 billion), followed by EUR with 15 percent of total loss (€900 Million) (Figure 10 ). Total economic value associated with passive use of forests in 2050 is projected to decrease by about 34% worldwide with respect to the baseline year 2007 (ranging from -1% in RUS to -67% in JPK) (Table A4 Annex). As regards the forest biomes, the highest costs are registered in temperate mixed and temperate deciduous forests (NAM and EUR being the main responsible), followed by tropical forest (AFR, OAS and BRA) ( Figure 11 and Table A4 Annex). Table 22 gives the estimated 'total' biodiversity loss in one year (2050) resulting from business as usual in the way forests are managed and exploited. We put total in inverted commas because not all values are included: we could not value for example, supporting services (primary production like gas, oil, sand, shelves, etc, nutrient cycling and soil formation), some regulating services (air quality maintenance, soil quality, water and temperature regulation, natural hazard control), and some provisioning services (pharmaceutics, ornamental resources and fresh water), due to the difficulties in finding reliable data for value estimates. As the figures show, however, the quantified losses are significant. The total figure is around €79 billion, the greatest losses coming from NAM, followed by AFR, RUS and OAS. It should be noted that the high economic loss expected in NAM is attributable to a small reduction in the forest area, estimated around 0.5% (see Table 3 ). Other regions, like ECA, instead, show a small economic loss against a large reduction in forest area (around 27%, Table 3 ). Most of the global loss is attributable to provisioning services (€48 billion) and carbon sequestration (€25 billion), while only a minor part is due to loss of cultural services (€6 billion) (Figure 12 ). In terms of biomes the greatest losses are from boreal forests followed by warm mixed and tropical forests ( Figure 13 ). These results may be surprising to some who argue that it is the loss of tropical forests, particularly the Amazon that is the most significant. A detailed analysis shows, however, that this is not the case. The best estimates point to greater losses in areas where use and non-use values are highest, which includes North America.
Total biodiversity loss
Finally Figures 13-14 show the share of total loss among the three ecosystem services (provisioning, carbon and cultural services) according to geographical regions and forest biome. Most of the economic loss due to carbon sequestration is expected in developing countries (mainly AFR and RUS), in boreal and warm mixed forests. As for cultural services, the highest loss is expected instead in developed countries (mainly NAM), in temperate mixed and temperate deciduous forests. Finally for provisioning services, NAM is expected to face most of the loss, followed by OAS, CHN and EUR, mainly in boreal and tropical forests. 
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Conclusions
The paper reports the methodology and the estimation of some of the services provided by forest biomes in different world areas, by applying consolidated methods for the monetary valuation of market and non-market goods. The objective is to provide a methodological framework for estimating marginal values and an outline on how to use value-transfer techniques.
The valuation framework has been applied to forest biomes, and specifically to key ecosystems services identified following the Millennium Ecosystem Assessment (MEA, 2005) taxonomy: provisioning services (wood forest products and non-wood forest products), regulating services (carbon sequestration), and cultural services (recreation and passive use values). This selection has been based on the availability of data and on their relevance to decision-making. The estimation of such services, although not covering the full range of forest instrumental values, allow the quantification of those values which are expected to be relevant to context where it is necessary to make decisions and trade one value against the other. Both market and non-market valuation techniques are applied; however, the present study mainly relies on the existing body of knowledge already available in the literature to draw suitable marginal values for forest services, to be scaled up at the global (OECD regions) level using proper transfer protocols.
Based on the nature of the ecosystem service of concern, we have identified the valuation methodologies already available in the literature for the monetary estimation. Provisioning services have been valued using a market-based approach (based on market prices). Carbon sequestration valuation is based on the Marginal Damage Cost (MDC) approach and the marginal avoidance cost (MAC), with the latter resulting in higher estimates then the first. Finally, cultural services are estimated using non-market valuation methods, based on both stated and revealed preferences approaches (travel cost method, contingent valuation and choice experiments). The valuation framework has been built in order to cover, for each ecosystem service, the highest variability in terms of geographical regions and forest biomes. In this context meta-analysis and value-transfer techniques appear to be the most suitable for cultural services valuation.
Regarding provisioning services, the valuation framework is comprised of two main phases: (i) calculation of total annual values, based on FAO export values at country level by different industrial sectors, and adjusted for domestic production and profits, and (ii) calculation of marginal values taking into account the forest size designated to production only. Marginal values for forest provisioning services have been therefore estimated taking into account the industrial sector (product category, wood forest products and non-wood forest products), the country of production, the forest type, and the size of the forest designated to production (plantations).
Carbon stocks have been estimated by identifying the capacity of carbon sequestration by forest type and country, and applying the monetary value estimated in the EU project CASES (Cost Assessment of Sustainable Energy System), based on damage and avoidance cost methodologies.
For cultural values, the meta-analysis has produced significant results in terms of the marginal effect of forest size and income level on the marginal value of the forest site, showing, as expected under the conventional assumptions, that the estimated marginal non-market value of forest cultural services decreases with an increase of the forest size, and increases with an increase of the income level. Value-transfer methodologies have been applied in order to transfer the estimates available from the original studies to the new policy contexts for which no original study exist. The valuetransfer exercise has been developed based on a two-step approach. For recreational values we have first estimated marginal values for United Kingdom which provides a representative picture of forest recreation (value-transfer to UK forest recreational sites). The marginal value estimated for UK has been transferred to other world regions in the second step of the calculation. For passive use values, in the first step we estimated the marginal values by forest biome in some world regions (by transferring the values from country level to the corresponding world region), while in the second step we transferred these values from the estimated world regions to the other world regions. This approach has been applied taking into account not all the forest area, but only those forest sites designated to recreation or conservation of biodiversity.
Final results show that total losses are significant. The total figure is €79 billion, the greatest losses coming from North America and Mexico, followed by Africa, Russia and some Asiatic countries (like Indonesia, Thailand, Malaysia, Philippines, Mongolia, Singapore, Vietnam). Most of this loss is attributable to provisioning services (€48 billion) and carbon sequestration (€25 billion), while only a minor part is due to loss of cultural services (€6 billion). In terms of biomes the greatest impacts are expected in boreal forests followed by warm mixed and tropical forests. These results may be surprising to some who argue that it is the loss of tropical forests, particularly the Amazon that is the most significant. A detailed analysis shows, however, that this is not the case. The best estimates point to greater losses in areas where use and non-use values are highest, which includes North America.
Our work suggests that any attempt to provide a monetary estimation of the services provided by biodiversity  here seen in terms of biomes  still represents a very challenging task for researchers. On the one hand this task is made difficult due to the partial lack of original valuation studies providing reliable estimates of the WTP for forest biodiversity values. On the other hand, the worldwide approach adopted here, will need to be reinforced by taking into consideration uncertainty and a lack of information on the local biodiversity conditions that are expected to influence the results of the valuation process. 
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